Objective: To identify the etiology of new-onset seizure in HIV-infected Zambian adults and identify risk factors for seizure recurrence.
Seizures are common in the HIV-infected population, often occurring in the setting of advanced stages of immunosuppression. 1 New-onset seizure has been reported in up to 11% of HIVinfected individuals, 2, 3 but seizure recurrence risk and risks factors for epilepsy development in HIV-infected individuals with new-onset seizure have not been delineated. Most African regions with high HIV prevalence continue to rely largely on older, enzyme-inducing antiepileptic drugs (AEDs) for epilepsy management. Given the potential for drug interactions between enzymeinducing AEDs and combined antiretroviral therapy (cART), their co-usage is not recommended, 4 ,5 but other seizure treatment options are often limited or nonexistent. 6 Data on the risk of seizure recurrence in HIV-infected people with new-onset seizure are needed to help guide the decision whether or not to initiate AEDs, particularly given the risk of increased drug toxicity and cART failure with the AED-cART combinations available in most resource-limited African settings.
In resource-limited settings, extensive diagnostic investigations are not routinely available and identification of seizure etiology is often challenging. Potential etiologies for newonset seizure in HIV-infected individuals include metabolic derangements, medication toxicity (e.g., efavirenz or isoniazid), CNS opportunistic infections (OI), immune reconstitution inflammatory syndrome (IRIS), and symptomatic focal lesions from previous injury (e.g., stroke or trauma).
To identify risk factors for seizure recurrence among people with HIV and newonset seizure, we conducted a prospective cohort study of HIV-infected Zambian adults with new-onset seizure, which included an extensive etiologic assessment.
METHODS From August 2011 to June 2013, we assessed consecutive HIV-infected Zambian adults presenting with new-onset seizure for enrollment into the Cohort of HIV-Associated Seizure and Epilepsy (CHASE) study. Patients were recruited from the inpatient medical wards and the outpatient HIV clinic at the University Teaching Hospital (UTH) in Lusaka. At the time of the study, UTH was the only tertiary care center in Zambia.
Inclusion criteria were age $18 years, HIV infection, newonset seizure within 2 weeks of enrollment, no seizure history except childhood febrile seizures, and a willingness to receive HIV care through the UTH HIV clinic. Since the primary aim of this study was to evaluate long-term seizure recurrence risks and risk factors for epilepsy development, the original inclusion criteria also required a score $50 on the Karnofsky Performance Status scale 7 to avoid recruitment of individuals unlikely to survive the acute hospitalization and CSF acquisition to facilitate the diagnosis of etiology for risk factor identification. To optimize population representativeness for outcome, Karnofsky and CSF requirements were dropped on October 17, 2012, until the end of study enrollment, but only CHASE patients who provided CSF were included in this etiologic analysis.
A study nurse made daily rounds through the emergency room and the inpatient wards to screen files for eligible patients. Flyers were also used to solicit staff referrals. For referral of an eligible patient, a hospital or clinic staff member received 10 kwacha (US $2.00) in cell phone talk time to facilitate referral calls. A study investigator (O.K.S., I.S.) then confirmed the eligibility of the patient and obtained informed consent from the patient or health care proxy.
A study physician documented demographic data, presenting symptoms, medical history, and neurologic examination findings. HIV infection was staged using the WHO staging criteria 8 with stages III and IV categorized as advanced HIV infection. Whether the patient knew that he or she was HIV-positive prior to the index seizure and any history of cART treatment were also documented. Seizure semiology was based on patient or witness event descriptions and relevant neurologic findings.
Etiologic assessment included serum testing for CD41 T-cell count, sodium, glucose, malaria infection based upon a Plasmodium falciparum rapid diagnostic antigen test, syphilis via a screening rapid plasma reagin (RPR) test, and, if needed, confirmatory serum Treponema pallidum hemagglutination assay (TPHA). Toxoplasma antibody testing was performed in patients with neuroimaging suspicious for a toxoplasma lesion. CSF studies included gram stain, cell count, differential, total protein, glucose, venereal disease research laboratory test for neurosyphilis, and cryptococcal antigen (CrAg) testing. Serum CrAg testing was performed on those patients who were unable to have CSF CrAg as this is almost uniformly positive in patients with active cryptococcal meningitis. 9 CSF DNA PCR testing was conducted for Mycobacterium tuberculosis, Epstein-Barr virus (EBV), JC virus, varicella-zoster virus, cytomegalovirus, herpes simplex virus type 1, herpes simplex virus type 2, and Toxoplasma gondii on a Rotorgene 6000 (Corbett Life Sciences, Sydney, Australia) real-time thermocycler as previously described. 10 The presence of a CNS OI was defined as positive CSF or serum CrAg, amplification of DNA from CSF PCR with the exception of EBV, or neuroimaging consistent with a specific CNS OI and confirmed by serum studies or response to treatment. Amplification of CSF EBV was not considered to be a CNS OI as its pathologic role in the CNS is unclear. Patients with bacterial meningitis, positive malaria rapid diagnostic test, or positive serum RPR and TPHA were categorized as having non-OI infections. Hyponatremia was defined as serum sodium ,135 mmol/L. CSF pleocytosis was defined as more than 5 leukocytes/mL in the CSF not associated with blood contamination from a traumatic tap using the adjustment of 1 leukocyte for every 500-1,000 erythrocytes.
Neuroimaging studies were offered to patients who did not have imaging as part of routine clinical care and who did not have a seizure etiology established after initial clinical and laboratory evaluation. These were performed on a Siemens (Malvern, PA) CT2007YS CT scanner or a Magnetom Essenza (Siemens) 1.5T MRI scanner. CT protocols included 1.5 mm contiguous axial imaging from foramen magnum through vertex for 3D reconstruction with 4 mm oblique axial imaging precontrast and postcontrast. MRI protocols included sagittal T1, axial T2, fluid-attenuated inversion recovery, diffusion-weighted imaging with apparent diffusion coefficients, T1 precontrast and postcontrast, and coronal T2 images. Magnevist MRI contrast was administered by hand injection. Structural brain abnormalities were further characterized as the presence of one or more of the following: cortical, white matter, deep structural, or posterior fossa abnormalities; masses or mass effect; fluid collections; intracranial bleeds; calcifications; abnormal ventricular size; abnormal brain volume; or contrast enhancement. An experienced neuroradiologist (M.J.P.) used an early version of the NeuroInterp software program to characterize imaging findings.
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All relevant laboratory and neuroimaging findings were shared with treating health care providers. Clinical characteristics were dichotomized as follows: age ,40 years (yes/no), sex (male/ female), WHO stage (early/advanced), CD4 ,200 (yes/no), Glasgow Coma Scale score at presentation ,11 (yes/no), and engagement in HIV care (yes/no) with engagement defined as either being on cART or being able to identify the clinic where one was receiving HIV care and treatment. Patients were classified as having focality (yes/no) if they had one or more of the following: focal neurologic examination, focal seizure semiology, focal EEG findings, or a focal lesion on neuroimaging. Seizure etiology in the primary analysis was categorized as follows: any CNS OI (yes/no), non-OI infection (yes/no), hyponatremia (yes/ no), structural brain abnormality (yes/no), and etiology unknown (yes/no). Two study clinicians independently assigned patients to etiologic categories. When there was disagreement, a third study clinician provided arbitration. Hyponatremia was considered a secondary and not primary cause of seizure if a patient had hyponatremia in the setting of another evident seizure etiology. Baseline clinical characteristics were evaluated for any association with seizure etiology using x 2 tests or t tests, as appropriate. After enrollment, patients were followed throughout their hospitalization. After discharge, patients were followed via their clinical care visits at the Adult Infectious Disease Center for Excellence (AIDC), which encompasses the UTH HIV clinic. Reminder phone calls and transport reimbursements of 20 kwacha (;US $4.00) were provided to all patients to support their attendance at follow-up appointments at the AIDC. Patients were followed until death or study closure on December 18, 2013.
A primary outcome of interest was risk factors for seizure recurrence. Seizure recurrence was defined as a convulsive seizure that occurred after the patient was stabilized and discharged home from the acute hospitalization. To assess seizure etiology and other clinical characteristics as potential risk factors, the associations between these characteristics and seizure recurrence were evaluated via x 2 or Fisher exact tests using SAS 9.4 (SAS Institute, Cary, NC). Despite inclusion criteria aimed at excluding individuals with high early mortality risks (i.e., a Karnofsky score $50), 37% of the cohort died during follow-up, so the risk factor analysis was repeated, controlling for death. Clinical characteristics associated with mortality were examined in a post hoc analysis. A p value of ,0.05 was considered significant.
Standard protocol approvals, registrations, and patient consents. RESULTS Overall, 81/95 CHASE participants had CSF obtained and were included in this etiologic analysis. All but 2 of these patients were recruited from the inpatient setting. There was no difference in baseline characteristics between those who had CSF taken and those who did not. Sixty-one (75%) of the 81 patients with CSF samples had CSF PCR studies in addition to routine testing and 35/81 (43%) underwent neuroimaging. PCR testing was not available in some patients due to the lack of a sufficient sample volume for additional testing.
Two patients had MRI scans and the remainder had CT scans. The demographic characteristics of the patients are shown in table 1. The sex distribution slightly favored male participants. The majority of participants were severely immunosuppressed, with a median CD4 count of 112 cells/mL (interquartile range [IQR] 48-249), and 72 (88%) had WHO stage III or IV disease. Of those patients with a known HIV diagnosis prior to the index seizure, 29 (36%) were on cART.
Laboratory data are shown in table 2. Comprehensive testing could not be completed on every patient due to a variety of factors that included small sample volume, loss to follow-up, and death prior to completion of testing. The appropriate denominator is indicated in table 2. Pathogens were detected in 32 (40%) CSF samples. EBV was the most common virus, detected in 17/61 of samples tested. Among patients with EBV1 CSF who also had neuroimaging (n 5 8), none had imaging indicative of primary CNS lymphoma. Ninety-five percent of patients had sufficient evaluation for Cryptococcus when including serum CrAg testing. Cryptococcus was the most common CNS OI (17%). Fourteen (17%) patients had multiple pathogens in the CSF or serum. Etiologies for newonset seizure were as follows: CNS OI in 21 (26%), hyponatremia in 23 (28%), and non-OI infection in 8 (10%). Sixteen (20%) patients had secondary hyponatremia. A structural brain abnormality was found in 22/35 patients imaged. Fifty-five (68%) patients had evidence of focality. Nineteen (23%) patients had more than one potential seizure etiology identified. For 16 (20%) patients, no etiology could be identified.
In terms of the relationship between baseline characteristics and seizure etiology, a CD4 ,200 was associated with CNS OI (p 5 0.027). No other presenting characteristics were associated with seizure etiology.
Of the 81 patients, 20 (25%) had recurrent seizures and 30 (37%) died over a median followup period of 306 days (IQR 61-636). The median time to death was 296 days (IQR 55-566). There was no difference in recurrent seizures or death when stratifying by Karnofsky score ,50. Table 3 demonstrates the relationship between clinical characteristics including seizure etiology and seizure recurrence. Survival was the only identifiable risk factor for seizure recurrence. After controlling for the risk of death, no clinical characteristics or seizure etiology was associated with seizure recurrence. Table 4 demonstrates the relationship between the same clinical characteristics and mortality. Patients had a higher mortality if their seizure etiology was unknown.
DISCUSSION Despite the wide availability of cART, a substantial proportion of Zambian adults with newonset seizure were unaware of their HIV status prior to their first seizure 12 and had advanced HIV disease, with only about a third of the study population on cART prior to their first seizure. The majority of participants were recruited from the inpatient setting, indicating that HIV-infected patients with new-onset seizure most often present acutely.
Testing for infectious diseases showed a heterogeneous combination of pathogens. We detected a high rate of EBV in the CSF both in isolation and during coinfection. The pathologic significance of EBV in the CSF of HIV-infected patients remains an open question. 10, [13] [14] [15] Cryptococcal meningitis (17%) was the most frequently detected CNS OI. The mechanism whereby cryptococcal meningitis may cause seizures is not fully understood. Neuroimaging in cryptococcal meningitis may be normal or can exhibit dilated Virchow-Robin spaces, enlarged ventricles, or the presence of cryptococcoma. Possible mechanisms include cortical irritation from fungal burden in the CSF, cortical microabscess formation, or elevated intracranial pressure. Therapeutic lumbar puncture is standard of care in cryptococcal meningitis, but the effect of lumbar puncture on seizures in this situation is unknown. 16 Twenty percent of patients had no identifiable etiology for their seizure. HIV alone is known to cause inflammation within the brain, 17, 18 which may further predispose to or precipitate seizure activity. 19, 20 In a study of 37 South African HIV-infected patients with new-onset seizure, 27% had no identifiable cause, 21 and demonstrated detectable CSF HIV viral loads. SPECT studies further support the possibility that HIV itself can precipitate seizures. 22 Even though only 17% of CHASE participants had functional impairment prior to the index seizure, the mortality rate was high, with more than one third of patients dying during the relatively brief (,1 year) follow-up period. Deaths almost exclusively occurred outside of UTH and often at home so we have limited insights into the proximate cause of death in the study participants. Diagnostic limitations (i.e., no viral load data and no serial data on CD4 counts) also limited our ability to confidently identify IRIS. Interestingly, patients with no seizure etiology identified were at greater risk of death. Among HIV-infected individuals with new-onset seizure of unknown etiology, both the Table 2 Pathogens detected during etiologic evaluation in HIV1 patients with new-onset seizure (n 5 81)
Prevalence of pathogens development of epilepsy and subsequent death may be related to an unrecognized CNS OI or CNS reservoir of HIV. This clearly warrants further study. There are several limitations related to this study. The representativeness of the CHASE study was limited by identification of etiology only among patients with CSF obtained. Public apprehension in Zambia about the safety of lumbar puncture limits its acceptance 16 and patients with a higher level of disability were more likely to provide CSF. 12 The PCR assays do not have perfect sensitivity so a negative assay does not guarantee the absence of infection. Although the commonest OIs expected in an African population with new-onset seizures were evaluated, 21 we did not perform exhaustive tests to detect all the possible viral, parasitic, fungal, and bacterial infections that could affect this population. In addition, the presence of a pathogen in CSF or blood does not indicate causality. Without obtaining neuroimaging on each participant, we may have missed seizure etiologies such as neurocysticercosis. Some patients with no seizure etiology identified died before neuroimaging could be obtained. Only 2 out of 16 (13%) who had no etiology identified had the full battery of CSF tests and neuroimaging. The etiology may have been identified in the other 14 patients if they had comprehensive testing. The most problematic limitation was the unexpectedly high and early mortality rate in this cohort. Death, a competing outcome, was in fact more common than seizure recurrence. HIV-infected individuals with new-onset seizure in Zambia were largely people with advanced, untreated HIV who experienced high rates of early mortality during a relatively brief follow-up period. These findings suggest that the top priority for care in this population should be urgent immune reconstitution. Combined antiretroviral therapy is widely available throughout Zambia as well as most other African regions affected by HIV. AED options remain largely limited to older enzyme-inducing agents that could negatively affect the efficacy of cART. Deciding whether and when to initiate AEDs in HIV-infected adults with new-onset seizure remains a major challenge in neurologic care in resource-limited settings.
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